ABSTRACT This study examined quantitative regional myocardial perfusion (RMP) measured by the washout of 133Xe at rest and after an isoproterenol challenge in 50 patients (group I) studied 8 to 14 days after they underwent saphenous vein bypass grafting to the left coronary artery, and compared this with RMP measured in the native left coronary artery in 14 patients (group II) with significant coronary artery disease and in 12 normal subjects (group ILL). The double product of the heart rate and aortic systolic pressure was used as an indicator of demand. The statistical significance of group comparisons was analyzed with Dunn's multiple comparisons among means test. Analysis of the data showed no significant difference among the groups with respect to aortic systolic pressure. In subjects at rest, heart rate was lower in groups II and III than in group I, and double product was lower in group II than in group I. After isoproterenol, both heart rate and double product were lower in group IL compared with groups I and III, but there was no significant difference between groups I and ILL with respect to heart rate or double product. Mean resting RMP in group IL was lower than in group I; however, results of other group comparisons were insignificant for resting parameters. After isoproterenol, mean flow (ml/100 g/min) in group I was similar to flow in group III (130 + 24 vs 139 + 26). In contrast, the average flow response after isoproterenol was significantly less in group IL when compared with that in group I (105 ± 20 vs 130 ± 24) and with that in group III (105 ± 20 vs 139 + 26). Because of differences in levels of demand with isoproterenol, the change in flow was normalized to the percent increase in double product. These data showed results similar to those above, i.e., normalized RMP in patients with coronary artery disease was significantly lower than that in normal subjects (82 + 41 vs 119 + 57) and in revascularized patients (82 + 41 vs 105 + 54). However, there was no significant difference between normal subjects and patients who had undergone surgery. To further evaluate the relationship of flow response to demand parameters, we plotted RMP/double product vs resistance. The data revealed a significant correlation between these variables in all groups both in subjects at rest and after isoproterenol. For group ILL the slope of this plot, which represents the intensity of flow response to a unit change in resistance, was -0.81 in subjects at rest and -1. 13 after isoproterenol. In group II this response was blunted ( -0.59 at rest and -0.52 with isoproterenol). After myocardial revascularization (group I), the response returned toward normal ( -0.81 at rest and -0.92 with isoproterenol). The data show that RMP improves in patients after revascularization when compared with that in patients with coronary artery disease and is similar to flow in normal control subjects both at rest and after an increased oxygen demand resulting from isoproterenol-induced stress. Normalizing the flow response to the degree of change in demand, as well as comparing the flow response to a unit change in resistance, elicited similar findings.
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There was a significant difference between flow response in normal subjects and that in patients with coronary artery disease. There was also a significant difference between patients who had undergone revascularization and those with coronary artery disease for the major group comparisons, but the difference was not significant in the subgroup comparisons. A comparison between group III and group I, however, showed no significant difference at all. We have also listed the percent change in double product, which Because of the results of these and other studies, we believed that resting flow would not be adequate to characterize the ability of the saphenous vein bypass graft to provide nutrient flow to the myocardium distal to a stenosis. We also chose to use isoproterenol stress because we found that it produced a greater flow response than pacing to the same heart rate, presumably because of the increased contractility caused by an isoproterenol infusion. The mean flow value obtained with atrial pacing in patients with insignificant disease has been reported to be 73 ml/100 g/min,33 whereas mean flow obtained in this study in normal subjects with the use of isoproterenol was 139 ml/100 g/min.
Thef/-adrenergic stimulation induced by isoproterenol results in positive inotropic and chronotropic responses. In normal muscle, it greatly increases contractile element velocity and length, with the macroscopic effect of increasing dP/dt and stroke volume. 56 The increased contractility and heart rate serve to increase myocardial oxygen demand, which causes coronary vasodilation and an increase in coronary blood flow proportional to the contractile changes.341 56 A study of experimentally induced ischemia in which radioactive microspheres were used to With this in mind, we evaluated the correlation between regional myocardial perfusion and the demand parameters of peak systolic aortic pressure, heart rate, and double product. In studying all subject groups it was found that there was a poor correlation of flow with all three parameters in subjects at rest and after they received isoproterenol. However, it was of interest that the flow vs double product response followed two distinctly different lines in the resting and postisoproterenol states. This suggested to us that the flow response to different interventions may not be linear. Furthermore, coronary physiology suggests a complex relationship among flow, demand, and resistance. Autoregulation is defined as the ability to maintain constant coronary blood flow over a wide range of perfusion pressures. This is accomplished by varying 776 resistance at the arteriolar level. It is not difficult to understand then that this phenomenon, i.e., varying resistance, is the same mechanism that regulates flow during increased or decreased metabolic activity or demand. This operates up to a point at which a flowlimiting stenosis, i.e., that greater than 50%, in a conductance vessel restricts flow.
Therefore, to study this relationship, we plotted flow per demand against resistance per beat as previously defined. As described earlier, the data revealed a significant correlation between these variables in all groups, at rest and after isoproterenol, with r values between .64 and .91. In plotting the resting data in the normal group, the linear function was defined as y = -0.81 x + 144.85, which showed that flow per demand increased with decreasing values for resistance normalized per heart rate. This is acceptable physiologically. The slope, m = -0. 81, was the measure of flow increase per unit drop in resistance, and thus defined the intensity of the flow response to the drop in resistance. The slope for the isoproterenol equation was -1.13, which indicated that the intensity of the flow response was more vigorous when demand was mediated pharmacologically. The slope for patients with coronary artery disease, however, was blunted (-0.59 at rest and -0.52 with isoproterenol), sug- gesting that flow in this patient group had leveled off despite increasing demand as a result of a flow-limiting stenosis in a conductance vessel. After revascularization these values improve toward normal (m = -0.81 at rest and m = -0.92 with isoproterenol).
The values in patients after surgery (in which the fixed resistance had been bypassed) were not as high as the normal values, particularly with an isoproterenol challenge, which is consistent with pathologic data that suggest that coronary artery disease is a diffuse process that cannot be totally circumvented by placement of a saphenous vein graft.65 66 In conclusion, our overall results indicate that RMP distal to aortocoronary bypass grafts to the anteroseptal and posterolateral walls of the left ventricle approaches that in normal arteries when an increased demand is produced by an isoproterenol infusion. Although the range of responses was wide, the group means revealed higher flow rates in the revascularized patients when compared with a similar group of patients with coronary artery disease. Similar findings were noted when flow was normalized to a change in demand and when the flow response was compared with unit change in resistance. The wide range of individual flow responses in both surgical and coronary artery disease patients was expected in light of the clinical CIRCULATION spectrum of patients that ranged from those with isolated lesions and normal ventricles to those with diffuse and/or multivessel coronary artery disease, previous infarction, and marked left ventricular dysfunction. This study shows that within the limits of the demand placed on the myocardium by an isoproterenol infusion to heart rates of approximately 35% over those at rest, the myocardial perfusion response distal to vein bypass grafts is not significantly different from that in normal subjects. Thus, in light of this and previous studies in patients with coronary artery disease, it appears that myocardial revascularization restores the response of myocardial blood flow to isoproterenol challenge to near normal levels.
